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Abstract Carbon Fiber Reinforced Polymer (CFRP) exhibits anisotropic mechanical properties and inherently
low interlaminar bonding strength, which collectively lead to machining defects during conventional processing,
consequently limiting its broader industrial application. Ultrasonic machining, which superimposes high—frequency
vibrations onto conventional mechanical processes, has been widely adopted due to its proven capability to reduce
cutting forces/temperatures while mitigating machining defects in CFRP composites. This study provides a systematic
review of ultrasonic machining technology for CKRP, beginning with an overview of key system components : ultrasonic
vibration tool holders, wireless power transmission systems, and ultrasonic power supply units. The material removal
mechanisms and defect formation dynamics are analyzed through multiple perspectives, including kinematic
characteristics, cutting force fluctuations, and chip formation patterns. Special attention is devoted to the investigation
of the root causes, detection methodologies, and ultrasonic suppression mechanisms of typical processing defects such
as delamination, burr formation, and tearing. Furthermore, the review systematically summarizes the technical
advantages, operational paradigms, and process parameter—effect correlation mechanisms in ultrasonic machining,
while projecting future development trajectories.
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Fig. 16  Ultrasonic drilling

Il S B AR @ 1 CFRP LN T3z 36 36 AR 50 ] 5
PR, & BRI T AR5 I 07 R 22. 8%~32. 7% , A
QL R SV RN [ Y T e o
A IR e AL T B A B HI BRI M E S T4
RS 3E ok A T LA v e 1 [ B AR MR 2 4
FHAEI T2 htip://www.yhclgy.com  20254F %53 1



o LA ) )
" T L

R

P17 S LN T
Fig. 17 Ultrasonic grinding on hole®”!

8 Bl T AR 1) AN 1 22 U0 ) R 1) 32 22 DT, T
DLt — 2 AR YT F7, 36k /0 CFRP i TR A 24,
PR LT & . CHEN 882 HE4T CFRP #8 75 B8 i 4%
H A5, LIS BRD 1 FH AN P18 A7 o AR T B
T, P R Gl 1) D) H D B K BRI 40% , FLEE R 1HT
SR YT 1 B 55, 2 i B R 2448 70 2 . SADEK
AEE0L oy B R PR ML BE TS X T D) IR Nk
T J R 5 ), R X B T, T 0 B0 R
I KFEAK 60% , [ i CFRP £L i T /p 43 2 45 5 s 2L
FLEE I T A B AR

CHpiRS L
- AR )
UL | IS 1

P18 IR AL T

Fig. 18 Ultrasonic spiral milling on hole!

CFRP 75 B H i T8 8 7 5 BA% 0 in 15
rhg ] A PR3N, 1G5 4% 0 Y1 HI ) 6 UTE| g 1
JE R AR 1 2T AW 24 J2 B3, 100461 B ) 2% 1 ) R
2445145577 4= . NOR S5k ] PCD £t 7 %} CFRP #E 47
BRI Y, HLRER AN AN 19 s o X He
Fomn 7 =X, B A 0 TnT A5 R ) ) EL s il b
F1FEAR 20% , V) HI B REAR 15% . PN A SRR
PLES AFI N T A0 %F CFRP #EAT 48 B 36, 45 1 %
B, R8PS HR Bl 0 5 LA AT A A58/ N 110 n T 1 4
VI S0 sh B4, $ i Tl R AR e 1k, IRl A X
TR U T, ZERLES AR 7 T v L 4 A
35% , F HHLEE B Ra F#AIK 23% .

4.2 T ZSHEXEFEMIYR M

CFRP #8875 [ i T3/ 5 0 T S 8U% VA OG5
L2 BRI I T 5 I R CFRP S T 285,
XEYTHI 3 O E R EE 00 m TR ESETIR A 4
Bro SHIZESHEAT CFRP 7 M BEHHR I 0 5% , 25
FHME T2 hip://www.yhclgy.com  20254F 4531

‘ A

39]

7 ke
/T—'o * I R

“ YRS

19 R
Fig. 19 Ultrasonic milling*"

S, VI 7 B Tl A A TR 2 R T R
REAGE S, R 20 iR o /0 ® 9 HETT CFRP A
Bl B PR ORI IE S IR G, 45 SR I, B ) B 1) g AR
J3E i B R R 0 i) AR T e R e, B 4
RN N 2 S S [ P e s
o5 TR B R R O S T YR 27 A A T 5 i)
BN EE . RS T CRRP O A 2 et fL T2
SRR YIE S 8 I 2R LS 2 5, & B
214 By ) o 15 U0 0 45 /N T BR MR A o TR R A 1
VI A INE Y 0 3= R e V0] /0N, 6 )
AR O/, FLAN T B B AR T

BEAR A% iR I 5588 75 2 800 AR fR X CFRP (1)

60

55+ —=— Feed rate=60 mm/min

—e— Feed rate=120 mm/min
501 —A— Feed rate=180 mm/min
al \\\\\

40 -

351
30

25+

/N

20

2000 3000 4000 5000 6000

n/r+ min™!

(a)  DIHIJy Bl 3 i3 s Ak

80

70k —=— Spindle speed=2000 r/min
—e— Spindle speed=4000 r/min
—4— Spindle speed=6000 r/min

60

50F

F/N

40

30F

20

0 50 100 150 200 250 300

V/mm * min™!
(b)  VIHI Sy bk 4 o AR A
K20 DIHI I EEOTHI S BB AR
Fig. 20 The changing rule of cutting force with
43]

various cutting parameters'

_7_



INT A W R LT TR AR IE S
VIR 2k 45 2 80000 58 B AR 43 . 3 R R CFRP Y
VA T A 38 ok R A 4 o R 4 e A A
P2 = R MR A5 7 SO D0 0 S B Ak mT il A5 3% i P 05 e
I 10% LA I, £ S 5058 AR Y 52 i FUEE I & 21 fp
TN o BEAT R o %) CFRP A0 T 4545 9 5% i X 2%
HEAT AT A DI 00 5 3 il OGRS | T A AT
E 2 AR RIS KR, AT CERP YT HI] g R AR 2% 18
PR BN . NING ZE98 3 57 CFRP #7 in T

(a)  Fohll e 55 9% R 14 52 L5 (b)

PIPIHI ) 5 T2 SHOCR BRI HI ) b i 45
UL AR IETY h NV WA\ R I S Eva B
ANTR] T L AR X A 7 i e A TR B, e B )
EL A T o A 1 T 48 K i A R A PR MR K T )
FLARE 4230, AL CFRP ALARKS BE . I T T2
B BE RSN, T EL A T LTS5 R i T AR A TR
ECEES 0PI aa T E 3 A =X (MPONEE
B RN T 5 3 A S 506 CFRP I T 3R
HEATIRAGGE , 2 1 o2 WP 45 R 4

6.0 A0
5. \Y
n .55.00'15 av\m«\

25 A B SR MR 9 38 R M (o) JEHITRIE 5 PR IR A4 52 EL SR

F21 T80 ARSI T m e

Fig. 21 The influence of process parameter interaction on surface damage'**’

*®1 BESHX CFRP M ITHRHM
Tab.1 The influence of ultrasonic parameters on the processing effect of CFRP
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